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The aim of the study was to assess the characteristics of footwear altogether and to compare the effect of
appropriate-fitting and ill-fitting footwear on functional performance, balance, and fear of falling (FoF) in
older adults. Individuals who wore appropriate-fitting (n = 61) or ill-fitting footwear (n = 92) were enrolled
in the study. Footwear was evaluated using the Footwear Assessment Scale (FAS). The participants were
assessed using the Berg Balance Scale (BBS) for balance, the Timed Up and Go test for functional performance
and the Activities-specific Balance Confidence scale for FoF. Tests were conducted twice for each individual
with or without footwear. Differences between the groups were analyzed using the MANOVA for scores of
balance, performance and fear of falling and Chi-squared test for homogeneity. The Paired t-test was used to
compare test scores with or without footwear. It was concluded that appropriate-fitting footwear improves
balance, reduces fear of falling and may affect functional performance positively.
ClinicalTrials.gov No: NCT04151654
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Footwear is an essential component of foot health and its function is
to protect the feet against external elements and.1 The structure and
biomechanics of the foot change during the aging process and are
affected by the presence of foot conditions, pain, deformities, disability,
balance and gait disorders.2 Several systemic diseases such as diabetes
mellitus, high blood pressure, obesity, osteoporosis and arthritis cause
foot problems and deformities.2 Foot disorders have been reported in
71% to 87% of older adults, making foot care and health an important
part of public health.2 Wearing properly fitting shoes both supports the
management of foot disorders andmaintains foot health.
Appropriate-fitting footwear should enhance friction, increase the
stability of the foot, provide shock absorption, and have therapeutic
features for foot deformities.1 An appropriately fitting footwear has
the correct size, proper material for the upper and sole, provides sta-
bility and prevents slips, and a toe box that relieves pressure on the
toe.1,3,4 Ill-fitting footwear can lead to functional limitations, falls,
impaired walking mobility, and foot pain.5 Furthermore, ill-fittingfootwear alters the pressure distribution between the feet, causing
imbalance. All of aforementioned factors can severely affect quality
of life of the individuals, and their independence in performing the
activities of daily living.5
Appropriate-fitting footwear has an even more important impact in
older adults with balance disorders and a history of falls. Age-related
changes in sensory processing (visual, somatosensory, vestibular) and
motor control mechanisms (muscle strength, decreased flexibility) and
specific footwear characteristics (e.g., shoe type, heel counter, heel height,
sole rigidity) have an effect on balance and falls in the older adults.6
Balance and falls in older adults has been investigated according to
the type of footwear by many researchers.6 It has been reported that the
types of footwear providing stability for the feet have a positive effect on
prevention of falls.6 There aremany studies examining the impact of foot-
wear characteristics such as sole, heel height, shoe size (length andwidth)
on postural stability and gait in older adults.1,7,8 The hardness of the sole
influences awareness of foot position, which is related to stability and bal-
ance.9 However, these studies have not assessed all features of properly
fitting footwear and focused only on a particular aspect.1,7,8 Moreover,
the subjects used a different footwear than their habitual footwear in
these studies. Appropriate fitting footwear is dependent on many factors
including proper length, heel height, sole hardness and width, toe box,
heel cup, arch support, and heel counter stiffness.9 There are only a few
studies that examined all properties of appropriate fitting footwear.10,11
Fig. 1. Study flow chart
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ated in older adults, taking into account all aspects of the footwear.
Appropriate-fitting footwear should be considered as part of preven-
tive health approaches and rehabilitation. Therefore, the aim of the
current study was to assess the impact of footwear on functional per-
formance, balance and fear of falling in older adults, by comparing
individuals wearing appropriate-fitting or ill-fitting shoes, taking
into account all characteristics of the footwear . The hypothesis is
that appropriate-fitting footwear increases functional performance
and balance, and decreases fear of falling in older adults.
Materials and method
Study design and randomization
This was a comparative observational, single-blind study. The
study statistician was blinded to the group allocation of the subjects
(i.e. the group with appropriate-fitting footwear and the group with
ill-fitting footwear). The individuals who agreed to participate in the
study signed informed consent. Block randomization was used for
the order of the tests to be performed with or without footwear.
Ethics
Approval for the study was obtained from Hasan Kalyoncu Uni-
versity, Ethics Committee for Non-invasive Research on 12/04/2016
(No: 2016-06). The study was conducted in the Geriatric Outpatient
Clinic of Gaziantep University, Research and Practice Hospital
between April 2016 and September 2016.
Study subjects
The study inclusion criteria were age 65 years or older, being able
to perform the balance and functional tests, having no musculoskele-
tal injury within the last year; and being ambulatory without assis-
tance (i.e. walker, cane, with one person). Individuals with a history
of psychiatric, neurological or cognitive disease, a diagnosed condi-
tion that could account for possible imbalance and falls, vision or
hearing problems, communication difficulties, inability to understand
and act on study-related instructions or diabetic foot were excluded.
As shown in Fig. 1, 303 older adults presenting to our clinic were
asked whether they wished to participate in the study. Of them, 135
patients did not consent and were excluded. Remaining 168 patients
were screened for eligibility. A total of 15 patients were ineligible,
including 5 patients with neurological disorders, 7 patients with com-
munication difficulties and 3 patients with diabetic foot and excluded
from the study. Thus, the study sample consisted of 153 patients.
Test Procedure
For all subjects, balance and functional tests were conducted
twice, with or without footwear. A 5 min rest was allowed between
the tests with or without footwear. The subjects were unshod during
the no-footwear test. Half of the participants carried out the test first
with footwear and then without footwear. The remaining half of indi-
viduals followed the reverse order. This was done to eliminate the
learning effect in the tests and randomization was used to allocate
individuals to each test group.
Footwear of the participants was assessed using the Footwear
Assessment Scale (FAS). Individuals were divided into the “Appropri-
ate-Fitting Footwear Group” (AFG) and the “Ill-Fitting Footwear
Group” (IFG) according to FAS results. In the scale development
study, the FAS score distribution curve was provided and a score of
12 was reported as the mean value for an appropriate-fitting shoe.12
Considering both feet, a score of 22 or below indicated an ill-fittingfootwear. The AFG consisted of individuals who had a FAS score of 23
or above. The block randomization was used to decide which partici-
pants were to perform the shoe test first.
Measurements
General characteristics
The demographic characteristics of the participants (age, sex, height,
body weight, body mass index (BMI)) as well as shoe size and history of
falls were recorded. The participants were also asked for how long they
have used their shoes (i.e. the shoes they were wearing at the time of
presentation) and total duration was recorded in months.
Footwear assessment score
The Footwear Assessment Score (FAS) was used to assess foot-
wear-related parameters such as the materials and design of the foot-
wear (upper and tread), bending point, width, height of the toe box,
getting out of the foot when walking, heel height, footwear style,
wearing of the heel, and the distance between the longest toe and
the end of the shoe. The score obtained from the FAS scale indicates
the suitability level of the footwear and a score of 30 represents the
highest suitability level.4,13,14 The Turkish version of the FAS was
shown to be valid and reliable. The test’s ICC for intra- and inter-
observer reliability was 0.98 and 0.92, respectively.13
An appropriate-fitting footwear has a leather upper material that
provides comfort, durability, breathability, and ability to prevent fungal
growth features (1 score). The rubber material is suitable for the sole (3
scores). The footwear should hinge at the first metatarsophalangeal joint
level (1 score). The width of footwear and the height of the toe box
should be appropriate, so that there is no pressure exerted on the toes
(2 scores). Footwear should indicate a good fit with no slip during gait (1
score). The difference in the height of the heel and forefoot of the outsole
should be less than 25 mm (1 score). The style of footwear is important
to prevent sliding. Shoes and boots with straps, Velcro or laces provide
good fixation (3 scores); slip-on boots provide lower fixation (2 scores);
moccasins without straps, slippers, backless slippers provide no fixation
(0 score). The amount of wear should be less than 5 mm (1 score). Foot
length should be in accordance with footwear length. The difference in
length of the foot and footwear should be between 10 mm and 20 mm
(2 scores). FAS was performed at noon to minimize the effect of volume
changes that might occur in the foot during the day on the results.
Assessment of Functional Performance and Balance
The Timed Up and Go test (TUG) is used for assessment of mobil-
ity, balance, walking ability and fall risk particularly in older adults.15
Table 1
Characteristics of study participants.
Characteristics AFG (N = 61) IFG (N = 92) X2 or t p
Gender 6.87 0.00a,**
Female 20 (33%) 50 (54%)
Male 41 (67%) 42 (46%)
Age (years) 70.19 § 5.89 70.46 § 4.64 0.31 0.75b
Body Mass Index (kg/m2) 27.27 § 4.18 27.69 § 4.71 0.54 0.58b
FAS Score 23.75 § 2.31 15.86 § 3.51 16.73 0.00b,**
Total duration of footwear
use (months)
12.52 § 9.27 13.59 § 8.80 0.71 0.47b
History of Falls 2.19 0.23a
No 52 (85%) 68 (74%)
1-2 in the previous year 7 (12%) 17 (18%)
More than 2 in the
previous year
2 (3%) 7 (8%)
Note:





Comparison of groups in balance, functional performance and fear of falling.
AFG IFG F p
BBSwF (score) 52.32 § 5.51 48.96 § 8.10 5.945 .016*
BBSoF (score) 52.42 § 5.50 49.17 § 7.87 5.999 .016*
TUGwF (sec) 10.81 § 4.67 12.11 § 5.09 .492 .484
TUGoF (sec) 10.86 § 5.21 12.05 § 5.94 .246 .621
ABC 86.28 § 14.46 74.36 § 24.37 9.930 .002*
Note: AFG: Appropriate-Fitting Footwear Group, IFG: Ill-Fitting Footwear Group,
BBSwF: Berg Balance Scale with Footwear, BBSoF: Berg Balance Scale without Foot-
wear, TUGwF: Timed Up and Go with Footwear, TUGoF: Timed Up and Go without
Footwear; *p<0.05 indicates significant difference between the groups by MANOVA.
Table 3
Comparison of performance with or without footwear according to groups.
With Footwear Without Footwear t p
AFG-BBS (score) 52.32 § 5.51 52.42 § 5.50 1.243 0.217
AFG-TUG (sec) 10.81 § 4.67 10.86 § 5.21 0.212 0.832
IFG-BBS (score) 48.96 § 8.10 49.17 § 7.87 0.772 0.443
IFG-TUG (sec) 12.11 § 5.09 12.05 § 5.94 0.312 0.756
Note: AFG-BBS: Berg Balance Scale in Appropriate-Fitting Footwear Group, AFG-TUG:
Timed Up and Go test in Appropriate-Fitting Footwear Group, IFG-BBS: Berg Balance
Scale in Ill-Fitting Footwear Group, IFG-TUG: Timed Up and Go test in Ill-Fitting Foot-
wear Group; *p < 0.05 changes within the group by Paired Student’s t-test.
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mance since it involves most activities of daily living. For this test, the
participants were asked to stand from a sitting position, walk 3 m,
turn back and sit back on to the chair again. The TUG was performed
twice for each participant, with or without footwear and the scores
were assigned based on the duration of performance (in seconds):
normal balance (up to 12 s), good balance (up to 10 s), impaired bal-
ance (1120 s), impaired balance-low risk of falling (1120 s), and
high risk of falling (longer than 20 s).16 The TUG test has shown high
inter-rater reliability (ICC = 0.99) and high intra-rater reliability
(ICC = 0.99) in a sample of community-dwelling older adults.15
The Berg Balance Scale (BBS) is used to assess the ability of the par-
ticipants to maintain their balance when performing functional activi-
ties.17 Maintaining balance becomes more difficult with smaller base of
supports. The BBS was used to evaluate the ability of the participants to
safely balance during a series of tasks including sitting unsupported, sit-
to-stand movement, turning, and retrieving objects from the floor (14
items). A BBS score of 0 and 4 points for each variable assessed repre-
sents safe and independent execution of assigned tasks (normal perfor-
mance), and unsafe and dependent execution of assigned tasks (unable
to perform a task), respectively. Total possible score is ranges from 0 to
56 points. The test was conducted twice for each participant, with or
without footwear. The Turkish version of the BBS was used for the study
where a cumulative score of 020 indicates high risk, 2140 moderate
risk and 4156 low risk.18 The test’s ICC for intra- and inter- observer
reliability was 0.98 and 0.97, respectively. The Chronbach a of the Turk-
ish version of the BBS was 0.98.18
Assessment of fear of falling
Fear of falling is commonly assessed using the Activities-specific
Balance Confidence scale (ABC) which can predict the risk of falling.
The ABC was used to determine the participants’ fear of falling. Each
participant rated functional activities that include 16 indoor and out-
door activities o a scale from 0% (no confidence) to 100% (complete
confidence) representing their subjective confidence about maintain-
ing their balance. In this test, higher scores indicate greater confi-
dence in balance.19 The ABC showed excellent reliability and good
validity, and the Cronbach's a coefficient was 0.96.19
Statistical Analysis
The Statistical Package for the Social Sciences version 22.0 software
was used for statistical analysis. The G*power analysis was used to esti-
mate the minimum sample size needed. It was found that a sample size
of 43 subjects in each group would be needed to achieve 90% power in
relation to TUG, at a type I error rate of 5% and a type II error rate of 10%
for testing the bilateral hypothesis limits, to provide.20 For the descrip-
tive analyses, the frequency in percentage (%) and mean § standard
deviation (X § SD) of the study variables were presented. Normality of
distribution was tested with skewnesskurtosis, histogram plots, and
the Kolmogorov-Smirnov test. Chi-square was used to investigate the
homogeneity between the “Appropriate-Fitting Footwear” and “Ill-Fit-
ting Footwear” groups with respect to gender and fall history. The Stu-
dent’s t-test was used to check the homogeneity between the study
groups for age, BMI, FAS, and total duration of footwear use. The multi-
ple analysis of variance MANOVA was used for comparison of the study
groups in functional performance, balance, and fear of falling. The Paired
Student’s t-test was used to understand how performance was affected
when appropriate-fitting or ill-fitting footwear was removed.
Results
Distribution of individuals’ characteristics according to groups and
the results of homogeneity between the appropriate-fitting footwear
group and the ill-fitting footwear group are shown in Table 1. Thenumber of females was higher in the ill-fitting footwear group
(p < 0.05). The groups were similar with regard to mean age, BMI,
duration of footwear use, and history of falls (p > 0.05). Since individ-
uals were divided into appropriate-fitting footwear group and ill-fit-
ting footwear group according to the FAS test, the FAS score was
lower in the ill-fitting footwear group than in the appropriate-fitting
footwear group (p < 0.05). 15% of the appropriate-fitting footwear
group and 26% of the ill-fitting footwear group had a history of falls.
The BBS scores of the appropriate-fitting footwear group scored
higher on the BBS than the ill-fitting footwear group, both with or
without footwear (p < 0.05). However, there was no statistically sig-
nificant difference between the groups in the TUG scores when tested
with or without footwear (p> 0.05). The appropriate-fitting footwear
group had less fear of falling compared to ill-fitting footwear group
based on ABC scores (p < 0.05) (Table 2). There were no differences
between AFG and IFG in the BBS scores with footwear and BBS scores
without footwear (Table 3) (p > 0.005). TUG scores with or without
footwear were similar in both AFG and IFG (p > 0.005).
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The aim of this study was to investigate the effect of appropriate-
fitting footwear on functional performance level, balance and fear of
falling in older adults. The study determined that individuals with
appropriate-fitting footwear had better balance and less fear of fall-
ing than individuals with ill-fitting footwear. However, no effect of
appropriate-fitting footwear was observed on functional perfor-
mance. The originality of our study is that all aspects of the footwear
were considered and assessments were based on overall scores.
Menant et al. investigated the effect of the heel, heel-collar height,
footwear sole feature, and a number of suitable footwear types on bal-
ance and postural oscillations, reporting that balance was affected nega-
tively as the heel height increased.21 In that study, the impact of
footwear on balance was examined by comparing a standard shoe with
seven other shoes that differed in one feature only. However, in the cur-
rent study, we evaluated all parameters related to shoe suitability in dif-
ferent shoes separately. In another study examining all footwear
characteristics, women’s shoes with high heels and soft soles were
found to cause balance problems, leading to falls and fractures.22 A
study reported that use of ill-fitting footwear plays a key role in foot
pain and leads to disability and deformities, and that the position and
sensory input in the feet affect balance.23 Our findings are consistent
with those of other studies, which reported that wearing appropriate-
fitting footwear improved balance in older individuals. Additionally,
there are epidemiological studies reporting that foot problems are more
common in women and women are twice as likely to have foot pain as
men, possibly because of higher incidence of wearing ill-fitting shoes
among women.1 Consistently, most of the females included in the cur-
rent study were in the ill-fitting footwear group.
The present study assessed numerous factors affecting footwear
suitability in older adults, which were not previously assessed in Tur-
key. However, there is a need for more comprehensive and multicen-
ter studies in the older adult population, focusing on attitude and
knowledge about foot health and footwear and footwear preference.
Lopez-Lopez et al. investigated the attitudes and knowledge of older
individuals about wearing appropriate footwear and its health bene-
fits.24 One study investigated the footwear purchasing habits of older
people in Australia25 and found that the time between footwear pur-
chases for older adults varied between 12 years. This was consistent
with our finding that the participants reported using their shoes for
about 1 year. However, further studies are needed to explore foot-
wear purchasing habits, suitability of footwear, and duration of foot-
wear use in older adults in Mediterranean countries, because
footwear-purchasing habits can affect suitability of footwear. Long-
term use of footwear causes deformations in the footwear, reducing
the suitability of the shoe.
There are studies in the literature reporting on the effect of shoe suit-
ability of the individuals wearing different kinds footwear.21,26,27 How-
ever, the individuals used a different footwear than their habitual
footwear or individuals have become accustomed to the test in these
studies. In other words, the effect of learning the test was not taken into
consideration. Although the suitability of the shoes was different,
repeating the same test could have affected the test results and the
results may be misleading due to the difference in the shoe fit in the
test. For this reason, the authors of the current study believe that they
eliminated the effect of learning the test by using a random testing
order with or without shoes, representing a different methodology. In
addition, the authors think that if older individuals were tested with
new shoes, their test performance could be affected. Therefore, the pres-
ent study differs from others in the relevant literature by carrying out
the tests with the footwear that individuals were accustomed to.
G€uchan et al. examined the effect of footwear suitability on func-
tional performance in younger individuals. They stated that appropri-
ate-fitting footwear had positive effects on dynamic balance, but not onstatic balance.11 Another study by Aslan, et al. also demonstrated the
importance of the selection of appropriate-fitting footwear in balance
and functional performance.28 Numerous studies have uniformly shown
that gait speed changes depending on footwear suitability.26,27,29,30 Gait
speed and step length increased, while step width decreased when dif-
ferent aspects of footwear suitability such as base material, dorsal fixa-
tion feature, and footwear upper material were compared.26 Footwear
with dorsal fixation improved minimum foot clearance compared to
slippers and bare feet conditions and less heel slippage than slippers
and an increase in double support.26 However, some studies reported
that the association of shoe characteristics with gait is not clear.27,29
One study comparing appropriate-fitting and ill-fitting shoes showed
that wearing ill-fitting shoes did not have an effect on TUG scores.30 In
the present study, it was shown that functional performance did not
change according to footwear suitability.
Previously, it has been demonstrated that unsafe and unsuitable
shoes play an important role in increasing the risk of falls in older
adults.9 Ill-fitting footwear such as soft footwear, high heel footwear,
and easy slip on and take off shoes increase the risk of falls.6 Even
though no serious injury is caused, ill-fitting footwear causes loss of
confidence, a fear of falling, and a restriction in activity.30 Our
findings are in line with those reported in the literature in that
aspect At the beginning of the study, it was considered that wear-
ing appropriate-fitting footwear reduces the fear of falling in
older adults. Consistently, the number of repetitive falls in the
last year was less in the group wearing suitable shoes than the
other group in our study.
In the studies that compared the results of balance testing of the
same individual with or without footwear, postural oscillations were
measured with two different slippers and socks worn in the house, and
the stability limits of the individuals were determined. These studies
showed that more suitable slippers increased balance ability and
cadence of the individual. Menz et al. showed that wearing socks
resulted in better balance performance but slowed the speed of gait.31
Antonio et al. demonstrated that older adults were at greater risk of fall-
ing during stair descent at barefoot conditions compared to insole hard-
ness.32 Insole hardness and footwear size affect tactile sensation of the
foot and this changes balance and functional performance, especially in
older adults.32,33 Barbara et al showed that appropriate-fitting footwear
is better than barefoot for balance in young adults.33 Horgan et al deter-
mined that the BBS scores with and without footwear were different in
older women.10 It was shown that footwear characteristics were not
associated with changes in the BBS scores, but instead the individual
wearing any footwear significantly improved their balance compared to
being barefoot.10 However, the results of balance testing with or with-
out footwear were similar in the IFG and AFG groups in the present
study. Comparing the test results for with and without footwear, the
effect of the characteristics of appropriate-fitting footwear was not
clearly determined. The test performances were clinically good when
ill-fitting footwear was removed in the IFG group, but this difference
was not statistically significant.
In light of the results of this study, footwear can affect balance,
functional performance and fear of falling in older adults. For this rea-
son, all healthcare providers working with older adults should evalu-
ate suitability of footwear in the clinic. In order to determine
whether the footwear is suitable or not, many factors such as mate-
rial, stability, type and size of the foot should be evaluated altogether
instead of evaluating a single variable in research studies.
This study has a number of limitations. Firstly, the age of footwear
was not considered and this is a limitation because it can affect suit-
ability. The Footwear Assessment Scale is used in different age groups
but there is a need to determine its validity and reliability in older
adults. Secondly, gender distribution was different in the two groups.
In addition, individuals who had balance problems were not included
in the study and this may have limited our ability to investigate the
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mance and fear of falling in this group.
The current study demonstrated that appropriate-fitting footwear
improves balance and functional performance and reduces fear of
falling in older adults. Further studies involving detailed footwear
assessments are warranted to clearly show the effects of specific
characteristics of footwear on balance, gait and functional perfor-
mance in older population. Also, studies investigating the attitudes,
behaviors and knowledge of older persons about footwear will
greatly contribute to the relevant literature. Comprehensive studies
can be conducted in older adults to investigate the cause of falls using
regression analysis incorporating footwear as a variable. Moreover,
the relationship between footwear and healthcare costs due to fall-
related complications (e.g. hip fractures) should also be investigated.
Conclusion
This study provides evidence on the positive effect of appropriate-
fitting footwear on balance, functional performance and fear of falling
in older adults. Footwear assessment taking into account all aspects
of the footwear can be considered as an important approach to
reduce fear of falling and improve balance in older adults.
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